Synthesis and peptide bond orientation in tetrapeptides containing L-azetidine-2-carboxylic acid and L-proline.
The role of the amino acid proline in influencing the secondary and tertiary structure of proteins and polypeptides has been an area of active study for many years. We have investigated this problem by incorporating the four-membered ring amino acid, azetidine-2-carboxylic acid, into some proline polypeptides. An adjunct to the synthesis of the peptides was the synthesis of azetidine-2-carboxylic acid and its resolution. We developed an improved synthesis of N-benzhydryl-2-carbobenzyloxy azetidine, an essential intermediate required for the synthesis of L-azetidine-2-carboxylic acid. This amino acid was subsequently obtained via the partial hydrogenation of the N-benzhydryl compound, under mild conditions. Our ability to isolate the intermediate N-benzhydryl-2-carboxylic acid demonstrated that the rate of cleavage of the O-benzyl ester group in this molecule is faster than the cleavage of the N-benzhydryl group. The tetrapeptides, Boc-(L-Pro)3-L-Aze-Opcp, and Boc-(L-Aze-L-Pro)2-Opcp (Boc: t-butoxycarbonyl; Pro: proline; Aze: azetidine-2-carboxyl acid; Opcp: pentachlorophenyl), were prepared using traditional solution peptide synthesis. They were characterized by direct chemical ionization-mass spectrometry, CD spectra, and 13C- and 1H-nmr spectroscopy. The assessment of the secondary structure of the two peptides using the methods noted above has led us to conclude that the compound Boc-(L-Aze-L-Pro)2-Opcp, in trifluoroethanol, has an all-cis peptide bond conformation with phi and psi torsion angles compatible with a left-handed helix. The secondary structure assessment of the peptide Boc-(L-Pro)3-L-Aze-Opcp, in chloroform or trifluoroethanol, leads to an assignment of both cis and trans peptide bonds as being present in the peptide. We have interpreted this latter finding as indicating that the introduction of the azetidine group into a peptide containing three consecutive proline residues in a linear sequence perturbs the normal proline peptide secondary structure in this tetrapeptide.